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One hundred seven Candida bloodstream isolates (51 C. albicans, 24 C. glabrata, 13 C. parapsilosis, 13 C.
tropicalis, 2 C. dubliniensis, 2 C. krusei, and 2 C. lusitaniae strains) from patients treated with amphotericin B
alone underwent in vitro susceptibility testing against amphotericin B using five different methods. Fifty-four
isolates were from patients who failed treatment, defined as death 7 to 14 days after the incident candidemia
episode, having persistent fever of >5 days’ duration after the date of the incident candidemia, or the
recurrence of fever after two consecutive afebrile days while on antifungal treatment. MICs were determined
by using the Clinical Laboratory Standards Institute (formally National Committee for Clinical Laboratory
Standards) broth microdilution procedure with two media and by using Etest. Minimum fungicidal concen-
trations (MFCs) were also measured in two media. Broth microdilution tests with RPMI 1640 medium
generated a restricted range of MICs (0.125 to 1 �g/ml); the corresponding MFC values ranged from 0.5 to 4
�g/ml. Broth microdilution tests with antibiotic medium 3 produced a broader distribution of MIC and MFC
results (0.015 to 0.25 �g/ml and 0.06 to 2 �g/ml, respectively). Etest produced the widest distribution of MICs
(0.094 to 2 �g/ml). However, none of the test formats studied generated results that significantly correlated
with therapeutic success or failure.

The Clinical Laboratory Standards Institute (CLSI; formally
National Committee for Clinical Laboratory Standards) has de-
veloped a standardized broth dilution procedure for in vitro sus-
ceptibility testing of Candida species against amphotericin B,
flucytosine, fluconazole, and itraconazole (8). Although this
method has proven to be reliable and reproducible, it generates a
restricted range of amphotericin B MICs, precluding reliable dis-
crimination between susceptible and resistant isolates of Candida
species and preventing the development of interpretive MIC
breakpoints for in vitro testing (1, 9, 15). Testing using antibiotic
medium 3 (AM3), instead of RPMI 1640 medium, has been
reported to generate a broader range of MIC results, improving
the detection of isolates less susceptible to amphotericin B (13).
However, AM3 is not a defined medium, and lot-to-lot vari-
ation may reduce the reproducibility of the MIC results (7).
Other reports have indicated that the Etest provides better
discrimination between amphotericin B-susceptible and -re-
sistant Candida isolates than does the CLSI reference
method and have suggested that MICs obtained by this test
are more predictive of treatment outcome (2, 4, 12, 17).
Previous studies have also suggested that the minimum fun-
gicidal concentration (MFC) may be a more accurate mea-
sure of microbial susceptibility to fungicidal agents such as
amphotericin B (9).

In this investigation, we used five different methods of in
vitro amphotericin B susceptibility testing, including MIC and
MFC determination in two media and the Etest, in an attempt
to determine whether results from these tests could be corre-
lated with treatment outcomes in patients with Candida blood-
stream infections that had been treated with amphotericin B
alone. These patients were identified as part of a prospective
population-based active surveillance program for candidemia
conducted between 1998 and 2000 (6).

MATERIALS AND METHODS

Isolates and data collection. One hundred seven Candida bloodstream isolates
were collected between 1 October 1998 and 30 September 2000 as a part of a
population-based, active laboratory surveillance conducted in Connecticut and
Baltimore City/County, Md. (6). All patients had been treated for at least 7 days
with amphotericin B alone (conventional or lipid formulations). Patients who
died before day 7 were excluded. A standardized data collection form was used
to abstract demographics, clinical characteristics, underlying conditions, and
outcome from medical records. Treatment failure was defined as death 7 to 14
days after the incident candidemia episode, having persistent fever of �5 days’
duration after the date of the incident candidemia, or demonstrating the recur-
rence of fever after two consecutive afebrile days while on antifungal treatment
that is unexplained by another cause (e.g., bacteremia); treatment success was
defined as having none of the previous criteria.

Species identification was confirmed by standard methods, including charac-
teristic growth on Chromagar Candida plates, API 20C biochemical profiles, and
morphological appearance on Dalmau cornmeal agar plates. Isolates of C. dub-
liniensis were identified by PCR amplification of a region containing the novel C.
dubliniensis group I intron (3). The 107 isolates comprised 51 C. albicans, 24 C.
glabrata, 13 C. parapsilosis, 13 C. tropicalis isolates and two each of C. dublini-
ensis, C. krusei, and C. lusitaniae. One previously defined amphotericin B-sus-
ceptible (CL524) and two previously defined amphotericin B-resistant isolates
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(MY1012 and CL2887), from which well-documented data from in vivo and in
vitro studies are available (13), were received from John Rex and included as
controls in each of the five in vitro methods. Prior to antifungal susceptibility
testing, each isolate was subcultured at least twice on Sabouraud dextrose agar
(SDA) plates (Difco Laboratories, Detroit, MI). The QC strain, C. krusei ATCC
6258 and the reference strain, C. parapsilosis ATCC 90018, were included in each
batch of susceptibility tests to ensure quality control.

Antifungal agent. A concentrated stock solution of amphotericin B (analytical
grade powder; Sigma Aldrich, St. Louis, MO) was dissolved in dimethyl sulfox-
ide; the solution was diluted with dimethyl sulfoxide and then with the appro-
priate test medium. Amphotericin B was tested over a concentration range of
0.015 to 8 �g/ml.

Broth microdilution susceptibility testing. MICs were determined according
to the CLSI M27-A2 microdilution procedure (8) by using two testing media: (i)
RPMI 1640 medium with L-glutamine and without bicarbonate (Sigma Aldrich),
buffered to pH 7.0 with 0.165 M morpholinepropanesulfonic acid (MOPS;
Sigma), and (ii) AM3 medium (Difco) supplemented with 2% dextrose. Cell
suspensions of Candida species were adjusted to match the turbidity of a 0.5
McFarland standard when a spectrophotometer set at 530 nm was used. Cell
suspensions were further diluted 1:1,000 in test medium, and 100 �l was added
to each well of the microtiter plate to yield a final inoculum concentration of 0.5 �
103 to 2.5 � 103 cells/ml. The plates were incubated at 35°C and read visually after
48 h. The MIC was defined as the lowest drug concentration at which there was
complete inhibition of growth.

Determinations of MFC. To accurately assess the MFC of an antifungal agent
at a �99.9% kill, a starting inoculum size of at least 104 cells/ml is required. For
MFC determination, broth microdilution tests were set up as described above
except a higher inoculum concentration, 1 � 104 to 2 � 104 cells/ml, was used.
After 48 h of incubation at 35°C, the entire content (200 �l) from each well with
no visible growth was homogenized with a micropipette and subcultured onto
two SDA plates (100 �l/plate). To prevent antifungal carryover effects, inocula
were allowed to soak into the agar for 15 min before spreading the cells away
from the spot. The SDA plates were incubated at 35°C for 48 h, and the MFC was
defined as the lowest drug concentration that yielded �1 colony on both plates.

E-test MIC testing. The MICs of amphotericin B were determined by Etest
according to the manufacturer’s instructions (Etest technical guide number 4;
antifungal susceptibility of yeasts; AB BIODISK, Solna, Sweden). Briefly, yeast
suspensions were adjusted to match the turbidity of a 0.5 McFarland standard
when a spectrophotometer set at 530 nm was used. The medium used was RPMI
1640 agar (1.5%) supplemented with dextrose (2%) and buffered to pH 7.0 with
MOPS. The plates were inoculated by dipping a sterile cotton swab into the
appropriate cell suspension and streaking it across the entire surface of the agar
in three directions. The plates were dried for 15 min before the Etest strips were
applied. The plates were incubated at 35°C and read visually after 48 h. The Etest
MIC was defined as the drug concentration at which the border of the elliptical
zone of complete inhibition intersected the scale on the antifungal test strip.

Identification of candidate interpretive breakpoints. Because accepted inter-
pretive breakpoints have not been established for amphotericin B, we identified
candidate breakpoints for inclusion into multivariable modeling of treatment
failure by using three different approaches. First, if the geometric mean or
median MIC or MFC values for isolates from treatment failures were signifi-
cantly higher than the corresponding values for isolates from treatment suc-
cesses, a candidate breakpoint was identified at the MIC or MFC value sepa-
rating the two groups. Second, receiver operator characteristic (ROC) curves
were prepared for each test method. At each potential breakpoint for each
testing method, the sensitivity was plotted on the y axis and 1 minus the specificity
was plotted on the x axis. Sensitivity and specificity were determined by using
the following formulas: sensitivity � the number of resistant treatment failures/
the total number of failures; specificity � the number of susceptible treatment
successes/the total number of successes. If a test value plotted on the ROC curve
demonstrated a clear point of maximum sensitivity and minimum (1-specificity),
this was identified as a suitable candidate breakpoint. Third, if no clear candidate
breakpoint could be identified based on the previous two methods, breakpoints
based on published data from animal models of infection and studies of human
patients with candidiasis were used.

Clinical correlations of in vitro susceptibilities. We modeled the predictors of
treatment failure to correlate susceptibility test results with clinical outcome; expo-
sures included in vitro resistance as defined by the candidate breakpoints, as well as
clinical data available from surveillance. Variables significant at P � 0.1 on univar-
iate analysis were included in multivariable models, with the criterion for staying in
the model set at P � 0.05. Five different multivariable models were created, with a
separate model for each susceptibility test method. We adjusted for potential con-
founding variables, such as age, the patient’s underlying severity of illness, catheter

removal, the presence of a subsequent bacteremia, and the type of Candida species.
In addition, the sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) of each candidate breakpoint was determined. PPV and
NPV were calculated as follows: PPV � the number of resistant treatment failures/
the total number of resistant cases; NPV � the number of susceptible treatment
successes/the total number of susceptible cases.

Statistical analysis. Statistical analysis was performed by using SAS version 8.2
(SAS Institute, Cary, NC). The Fisher exact and Mantel-Haenzel chi-squared
tests were used as appropriate for categorical variables. Continuous values with
normal distribution were compared by using the Student t test, and median
values were compared to the Wilcoxon two-sample test. A P value of �0.05 was
considered statistically significant. Multivariable analyses were performed with
the LOGISTIC procedure, using forward, backward, and stepwise elimination.

RESULTS

Patient characteristics. Table 1 summarizes the demographic
and clinical characteristics of the 107 patients from our popula-
tion-based surveillance program that were identified as having
been treated with amphotericin B alone. A total of 83 case-
patients had received conventional amphotericin B, 11 had re-
ceived a lipid formulation, and 13 had received both conventional
amphotericin B and a lipid formulation. A total of 13% of the
case-patients died by day 14, 48% had a persistent fever for �5
days after candidemia, and 41% experienced recurrence of fever
after having been on antifungal medications for at least 2 days.
Overall, 54 (51%) treatment failures were observed.

The median age was 37 years (range, 0 months to 85 years),
33 case-patients were younger than 1 year old, and 66 were
male. More than half of the case-patients were in an intensive
care unit at diagnosis, and 52% had undergone surgery within
the previous 3 months. As a part of treatment for the candi-
demia, all central venous catheters were removed or changed
in 81 of the 93 (87%) case-patients with these catheters in
place at the time of candidemia.

Distribution of amphotericin B MICs and MFCs. Broth micro-
dilution testing with RPMI 1640 medium generated a narrow

TABLE 1. Demographic and clinical characteristics of 107 patients
treated with an amphotericin B formulation alone for �7 days

Characteristic No. (%)

Median age.................................................................. 37 (range, 0–85)
Male gender ................................................................ 66 (62)
African-American race............................................... 53 (50)
Infant (�1 year) ......................................................... 33 (31)
Median APACHE II score........................................ 15 (range, 4–29)
In ICU at diagnosisa .................................................. 56 (52)
Surgery in last 3 months............................................ 56 (52)
Neutropenia................................................................. 15 (15)
Renal failure ............................................................... 29 (27)
HIV infection.............................................................. 9 (9)
Bone marrow or solid organ transplant

recipient ............................................................... 7 (7)
Malignancy .................................................................. 20 (19)
Central venous catheter ...........................................93/98 (95)
Treatment

Amphotericin B alone............................................ 83 (78)
Lipid formulation alone......................................... 11 (10)
Both amphotericin B and lipid ............................. 13 (12)

Death at days 7 to 14................................................. 14 (13)
Persistent fever for �5 days after candidemia .......34/71 (48)
Recurrence of fever after �2 days on

antifungal medication.........................................29/70 (41)
Treatment failures ...................................................... 54 (51)

a ICU, intensive care unit.
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range of four different MICs, ranging from 0.125 to 1 �g/ml; the
corresponding MFC values ranged from 0.5 to 4 �g/ml (Table 2).
Broth microdilution tests with AM3 produced a broader distri-
bution of MIC and MFC results, ranging from 0.015 to 0.25 �g/ml
and from 0.06 to 2 �g/ml, respectively (Table 2). Antifungal sus-
ceptibility testing by Etest produced the widest distribution of
MICs, ranging from 0.094 to 2 �g/ml (Table 3).

The MIC and MFC values for the amphotericin B-suscepti-
ble (CL524) isolate were both 1 �g/ml with RPMI media; with
AM3 the MIC and MFC were 0.015 and 0.06 �g/ml, respec-
tively, and the Etest MIC was 0.38 �g/ml (Tables 2 and 3).
Amphotericin B-resistant control isolate MY1012 had MIC
and MFC values with RPMI media of 2 and 4 �g/ml, respec-
tively; AM3 produced MIC and MFC values of �8 �g/ml, and
the Etest MIC was �2 �g/ml (Tables 2 and 3). Amphotericin
B-resistant control isolate CL2887 had MIC and MFC values
with RPMI medium of 2 �g/ml; with AM3 media the MIC and

MFC were both 1 �g/ml, and the Etest MIC was �2 �g/ml
(Tables 2 and 3).

Identification of candidate interpretive breakpoints. Analy-
sis of geometric means and median values of the results from
each of the five susceptibility test methods showed no signifi-
cant differences between the median values for isolates asso-
ciated with treatment failures and successes (Table 4). The
ROC curves produced for values obtained by the Etest MIC,
AM3 MIC, AM3 MFC, RPMI MIC, and RPMI MFC methods
differed substantially from an ideal test with high sensitivity
and specificity (Fig. 1).

Because candidate interpretive breakpoints could not be
identified with either of the previous two methods, we used
published data to select breakpoints for resistance as follows:
for broth microdilution MIC tests performed with RPMI 1640
medium, �2 �g/ml (4); and for broth microdilution MIC tests
performed with AM3, �0.5 �g/ml (7, 9, 13). For Etest, a
breakpoint of �0.38 �g/ml was chosen (4, 12). These break-
points adequately differentiated between the susceptible and
resistant control isolates in each respective susceptibility test
method with the exception of the Etest. In this case, using the
proposed breakpoint for resistance of �0.38 �g/ml, the sus-
ceptible control isolate, CL524, was misclassified as resistant.
Using these breakpoints, none of the 107 bloodstream isolates
from case-patients were classified as resistant according to MICs

TABLE 2. Distribution of amphotericin B MICs (A columns) and MFCs (B columns) as determined by broth microdilution testing with
RPMI 1640 and AM3 media grouped by Candida species

Dilution
(�g/ml)

No. of Candida isolates

C. albicans
(n � 51)

C. glabrata
(n � 24)

C. parapsilosis
(n � 13)

C. tropicalis
(n � 13)

Others
(n � 6)a Total (n � 107)b

RPMI AM3 RPMI AM3 RPMI AM3 RPMI AM3 RPMI AM3 RPMI AM3

A B A B A B A B A B A B A B A B A B A B A B A B

0.015 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 2, S 0
0.03 0 0 14 0 0 0 1 0 0 0 8 0 0 0 7 0 0 0 1 0 0 0 31 0
0.06 0 0 35 3 0 0 7 0 0 0 4 0 0 0 6 4 0 0 2 0 0 0 54 7, S
0.125 1 0 1 37 0 0 15 3 0 0 0 3 0 0 0 9 0 0 2 3 1 0 18 55
0.25 12 0 1 10 6 0 1 11 0 0 0 5 0 0 0 0 1 0 0 2 19 0 2 28
0.5 38 19 0 1 16 6 0 4 11 1 0 3 11 7 0 0 3 3 0 1 79 36 0 9
1 0 16 0 0 2 15 0 2 2 9 0 2 2 5 0 0 2 2 0 0 8, S 47, S 0, R2 4, R2
2 0 12 0 0 0 3 0 4 0 2 0 0 0 1 0 0 0 1 0 0 0, R1, R2 19, R2 0 4
4 0 4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 5, R1 0 0
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

�8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 R1 R1

a C. krusei (n � 2), C. dubliniensis (n � 2), and C. lusitaniae (n � 2).
b R1, amphotericin B-resistant control isolate MY1012; R2, amphotericin B-resistant control isolate CL2887; S, amphotericin B-susceptible control isolate CL524.

TABLE 3. Distribution of amphotericin B MICs
as determined by Etest

MIC dilution
(�g/ml)

No. of Candida isolates

C.
albicans

C.
glabrata

C.
parapsilosis

C.
tropicalis Othersa Totalb

0.094 3 0 0 0 2 5
0.125 15 0 0 0 1 16
0.19 23 2 1 0 1 27
0.25 8 3 3 4 0 18
0.38 1 7 6 7 0 21, S
0.5 1 8 2 1 0 12
0.75 0 3 1 0 1 5
1 0 0 0 0 1 1
1.5 0 0 0 1 0 1
2 0 1 0 0 0 1

�2 0 0 0 0 0 0, R1, R2

Total 51 24 13 13 6 107

a C. krusei (n � 2), C. dubliniensis (n � 2), and C. lusitaniae (n � 2).
b R1, amphotericin B-resistant control isolate MY1012; R2, amphotericin B-

resistant control isolate CL2887; S, amphotericin B-susceptible control isolate
CL524.

TABLE 4. Geometric mean and median values of amphotericin B
MICs and MFCs for 107 patients treated with amphotericin B,

grouped according to treatment success or failure

Test method

Geometric mean
(�g/ml)

Median
(�g/ml) P

Failure Success Failure Success

RPMI 1640 MIC 0.33 0.32 0.5 0.5 0.9
RPMI 1640 MFC 0.83 1.05 1 1 0.2
AM3 MIC 0.015 0.016 0.06 0.06 0.7
AM3 MFC 0.085 0.10 0.125 0.125 0.4
Etest MIC 0.15 0.14 0.25 0.25 0.5
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determined in either RPMI 1640 or AM3 media; 24 (22%) were
determined to be resistant by RPMI MFC, 17 (16%) were deter-
mined to be resistant by AM3 MFC, and 51 (48%) were deter-
mined to be resistant by Etest.

Correlation of in vitro susceptibility testing results with
treatment failure. In vitro resistance as determined by RPMI
MFC, AM3 MFC, or Etest did not significantly correlate with
treatment failure on univariate analysis (Table 5). Being an
infant was protective against treatment failure (relative risk
[RR] 0.2, 95% confidence interval [CI] � 0.07 to 0.5), whereas
case-patients with a central venous catheter (RR undefined),
neutropenia (RR 2.0, CI � 1.4 to 2.7), or autoimmune
disease (RR 1.6, CI � 1.1 to 2.4) at the time of candidemia
were significantly associated with treatment failure.

Upon multivariable analysis controlling for age, APACHE II
score, the presence of a subsequent bacteremia, Candida albi-
cans versus non-albicans isolate, and catheter removal, in vitro
resistance by any of the test methods was not significantly
associated with treatment failure. We subsequently expanded
the cohort to include those who had been treated for �3 days
with amphotericin B monotherapy, but we were still not able to
correlate in vitro resistance with treatment failure using these
breakpoints (data not shown). We were also unable to find a
correlation when the cohort was stratified to include only those
treated with conventional amphotericin B (data not shown).

Epidemiologic characteristics of candidate interpretive
breakpoints. The sensitivity, specificity, PPV, and NPV were
calculated for each susceptibility test method to determine
their ability to predict treatment failure using candidate break-
points. As shown in Table 6, the specificity ranged from 68 to
94%, but the sensitivity was only 13 to 44%; NPV and PPV
ranged from 38 to 59%.

DISCUSSION

Although it is clear that treatment failure in patients with
deep-seated candidiasis is often due to factors other than ele-
vated MIC, such as sequestered sites or catheter involvement,
published reports demonstrate the potential for variation in
amphotericin B MICs among Candida isolates and indicate
that microbial resistance can develop during treatment in some
patients (5, 11, 16). However, with few exceptions, attempts to
correlate in vitro susceptibility to amphotericin B with out-
comes in patients with candidiasis or animal models of infec-
tion have been unsuccessful (1, 9, 15). Rex et al. (15) found no
correlation between amphotericin B MICs and the outcome of
66 patients with Candida bloodstream infections. Indeed, more
cases of failure were seen among the patients infected with
isolates for which MICs were low than among those infected
with isolates for which MICs were high. In contrast, Nguyen et
al. (9) demonstrated a good correlation between amphotericin
B MICs and MFCs and the microbiologic response of 105

FIG. 1. ROC curve for amphotericin B susceptibility test results, as
related to treatment failure, for 48-h Etest MIC and broth microdilu-
tion MIC and MFC using AM3 and RPMI medium.

TABLE 5. Univariate predictors of treatment failures among 107 patients with Candida bloodstream infections and correlations of in vitro
amphotericin B susceptibility interpretations with clinical outcome

Characteristic
No. (%) of:

RR (95% CI) P
Failures Successes

Infant 4 (12) 29 (88) 0.2 (0.07–0.5) �0.01
Neutropenia 13 (87) 2 (13) 2.0 (1.4–2.7) �0.01
Central venous catheter 52 (56) 41 (44) Undefined 0.02
Autoimmune disease 9 (75) 3 (25) 1.6 (1.1–2.4) 0.05
Malignancy 14 (70) 6 (30) 1.5 (1.0–2.2) 0.05
All central venous catheters removed 46 (57) 35 (43) 1.1 (0.6–2.1) 0.4
APACHE IIa score of �18 23 (56) 18 (44) 1.2 (0.8–1.7) 0.4
C. albicans isolate 22 (49) 23 (51) 0.9 (0.6–1.3) 0.6
Resistant by BM RPMI MICb 0 (0) 0 (0)
Resistant by BM RPMI MFCb 9 (38) 15 (63) 0.7 (0.4–1.2) 0.2
Resistant by BM AM3 MICc 0 (0) 0 (0)
Resistant by BM AM3 MFCc 7 (41) 10 (58) 0.8 (0.4–1.4) 0.4
Resistant by Etest MICd 24 (58) 17 (41) 1.3 (0.9–1.8) 0.2

a APACHE, acute physiology and chronic health evaluation.
b �2 �g/ml.
c �0.5 �g/ml.
d �0.38 �g/ml.
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patients with Candida bloodstream infections. Although these
isolates demonstrated a restricted range of MICs (0.06 to 2.0
�g/ml), the MFC range was much broader (0.125 to �16 �g/
ml). Isolates from patients that experienced microbiologic fail-
ure showed significantly higher amphotericin B MFCs than
those from patients that responded to treatment (9).

In this investigation, we used isolates and clinical data de-
rived from a population-based surveillance program in an at-
tempt to correlate in vitro susceptibility test results for ampho-
tericin B with in vivo outcomes among patients with Candida
bloodstream infections treated with this agent. As has been
reported elsewhere (9, 15), we found that the CLSI broth
microdilution reference method using RPMI 1640 medium
produced a restricted range of MIC results. This narrow range
of values suggests that amphotericin B susceptibility testing
with this medium has limited clinical usefulness, especially
since this method generally has an error of plus or minus one
dilution (13). Broth microdilution MICs and MFCs obtained
from tests using AM3 medium, as well as Etest MICs, spanned
a broader range of values, a finding consistent with results from
other studies (2, 4, 9, 13).

Using proposed breakpoints, we were unable to correlate in
vitro susceptibility to amphotericin B with outcome using our
clinical isolates. Patients with resistant isolates did not experience
clinical treatment failure more frequently than those with suscep-
tible isolates, even after multivariable modeling controlling for
potential confounders such as age, severity of illness, catheter
removal, the presence of a subsequent bacteremia, and the type of
Candida species. Furthermore, the predictive ability of the differ-
ent test methods, as determined by PPV and NPV, was not ideal
for susceptibility testing. An example of this is the tests’ failure to
adhere to the “90-60 rule” (14). This rule suggests that infections
due to susceptible isolates should respond to appropriate therapy
ca. 90% of the time (i.e., NPV of 90%), whereas those due to
resistant isolates should respond ca. 60% of the time (i.e., PPV of
40%). In the present study, none of the testing methods showed
this level of predictive ability; MFC testing with AM3 and RPMI
medium displayed adequate PPVs, but the NPVs were consis-
tently near 50%.

One interpretation of why these methods did not correlate
with treatment failure is that in vivo resistance may have been
nonexistent. Indeed, using proposed breakpoints for MIC test-
ing with RPMI and AM3 media, none of the isolates were
resistant even though the amphotericin B-resistant control iso-
lates had adequately high MICs. However, using MFC test
results, which also differentiated between susceptible and re-

sistant control isolates, in vitro resistance was frequent enough
that a difference should have been detected.

Etest MIC results for isolates used in the present study were
generally high. The susceptible control isolate had an MIC of
0.38 �g/ml, and 48% of study isolates had MICs of this con-
centration or higher. Although we were not able to find any
suitable candidate breakpoints for defining resistance based on
Etest MICs, a breakpoint of 0.38 �g/ml is likely to be too low.

Our definition of therapeutic failure may have not have been
sensitive enough to detect a difference between sensitive and
resistant isolates. Although mortality and fever are clinically
useful indicators of treatment success, they are often strongly
dependent on the hosts’ underlying illness. Therefore, our def-
inition of treatment failure may have been subject to over-
whelming confounding, despite adjusting for severity of illness.
The few studies that have successfully demonstrated in vitro-in
vivo amphotericin B correlations for Candida bloodstream in-
fections have used microbiologic outcomes (4, 9, 10), such as
failure to clear the organism from the blood, to define thera-
peutic failure. However, in those studies, blood cultures were
not performed systematically but were obtained at the discre-
tion of the clinical care team. Therefore, both patients who
failed and those who did not fail treatment were subject to
information bias due to the inability to adequately categorize
patients as treatment successes or failures. Microbiologic cri-
teria for determining outcome were considered for our study,
but thought not to be appropriate, since our retrospective
design would be subject to the same limitations. A prospective
study that collects serial blood cultures on all candidemic pa-
tients to systematically determine these outcomes would be
very useful. Such a study could also detect the changes in MICs
or MFCs in isolates exposed to amphotericin B in vivo.

In choosing our cohort of patients, we decided that �7 days of
amphotericin B therapy was adequate to identify treatment fail-
ures. Some other studies that have been successful in showing an
in vitro-in vivo correlation have included patients with �3 days of
therapy (4, 9). However, expanding our cohort to include patients
treated for 4 to 7 days with amphotericin B monotherapy still was
not successful in showing any correlation. We also considered
limiting the patient population to eliminate potential confounding
factors, for example, by including only those who had all central
venous catheters removed as part of treatment for their Candida
bloodstream infection. However, since the removal of catheters
was not significantly associated with failure on univariate analysis,
controlling for catheter retention in the multivariable model was
felt to be preferable to maintain the size of the study population.

One possible limitation of the present study may be that the
cohort population was too small to detect a difference. How-
ever, since there was not even a trend toward statistical signif-
icance with the overall group, increasing the study population
would likely not have resulted in different results.

Interpretive breakpoints for amphotericin B susceptibility
testing have remained controversial due to conflicting results
from correlation studies and, therefore, routine amphotericin
B testing for Candida species isolated from the bloodstream is
probably not indicated. Future prospective studies using broth
microdilution MIC and MFC testing with AM3 medium or
Etest with both clinical and microbiologic outcome measures
may help with establishing guidelines for detecting amphoter-
icin B resistance among Candida species.

TABLE 6. Analysis of candidate interpretive breakpoints for five
amphotericin B susceptibility test methods used for

analysis of in vitro-in vivo correlation

Test Breakpoint
(�g/ml)

%

Sensitivity Specificity PPV NPV

Etest MIC �0.38 44 68 59 55
RPMI MIC �2 0 100 50
RPMI MFC �2 17 72 38 46
AM3 MIC �0.5 0 100 58
AM3 MFC �0.5 13 81 41 48

VOL. 50, 2006 CANDIDA SUSCEPTIBILITY AND TREATMENT OUTCOME 1291



REFERENCES

1. Antoniadou, A., H. A. Torres, R. E. Lewis, J. Thornby, G. P. Bodey, J. J.
Tarrand, X. Y. Han, K. V. I. Rolston, A. Safdar, I. I. Raad, and D. P.
Kontoyiannis. 2003. Candidemia in a tertiary care cancer center: in vitro
susceptibility and its association with outcome of initial antifungal therapy.
Medicine 82:309–321.

2. Arendrup, M., B. Lundgren, I. M. Jensen, B. S. Hansen, and N. Frimodt-Moller.
2001. Comparison of Etest and a tablet diffusion test with the NCCLS broth
microdilution method for fluconazole and amphotericin B susceptibility testing
of Candida isolates. J. Antimicrob. Chemother. 47:521–526.

3. Brandt, M. E., L. H. Harrison, M. Pass, A. N. Sofair, S. Huie, R. K. Li, C. J.
Morrison, D. W. Warnock, and R. A. Hajjeh. 2000. Candida dubliniensis
fungemia: the first four cases in North America. Emerg. Infect. Dis. 6:46–49.

4. Clancy, C. J., and M. H. Nguyen. 1999. Correlation between in vitro suscep-
tibility determined by E test and response to therapy with amphotericin B:
results from a multicenter prospective study of candidemia. Antimicrob.
Agents Chemother. 43:1289–1290.

5. Conly, J., R. Rennie, J. Johnson, S. Farah, and L. Hellman. 1992. Dissem-
inated candidiasis due to amphotericin B-resistant Candida albicans. J. Infect.
Dis. 165:761–764.

6. Hajjeh, R. A., A. N. Sofair, L. H. Harrison, G. M. Lyon, B. A. Arthington-
Skaggs, S. Mirza, M. Phelan, J. Morgan, W. Lee-Yang, M. A. Ciblak, L. E.
Benjamin, L. T. Sanza, S. Huie, S. F. Yeo, M. E. Brandt, and D. W. Warnock.
2004. Incidence of bloodstream infections due to Candida species and in
vitro susceptibilities of isolates collected from 1998 to 2000 in a population-
based active surveillance program. J. Clin. Microbiol. 42:1519–1527.

7. Lozano-Chiu, M., P. W. Nelson, M. Lancaster, M. A. Pfaller, and J. H. Rex.
1997. Lot-to-lot variability of antibiotic medium 3 used for testing suscepti-
bility of Candida isolates to amphotericin B. J. Clin. Microbiol. 35:270–272.

8. National Committee for Clinical Laboratory Standards. 2002. Reference
method for broth dilution antifungal susceptibility testing of yeasts. Ap-

proved standard. NCCLS document M27–A2. National Committee for Clin-
ical Laboratory Standards, Wayne, Pa.

9. Nguyen, M. H., C. J. Clancy, V. L. Yu, Y. C. Yu, A. J. Morris, D. R. Snydman,
D. A. Sutton, and M. G. Rinaldi. 1998. Do in vitro susceptibility data predict
the microbiologic response to amphotericin B? Results of a prospective
study of patients with Candida fungemia. J. Infect. Dis. 177:425–430.

10. Nguyen, M. H., J. E. Peacock, D. C. Tanner, A. J. Morris, M. L. Nguyen,
D. R. Snydman, M. M. Wagener, and V. L. Yu. 1995. Therapeutic approaches
in patients with candidemia. Arch. Intern. Med. 155:2429–2435.

11. Nolte, F. S., T. Parkinson, D. J. Falconer, S. Dix, J. Williams, C. Gilmore, R.
Geller, and J. R. Wingard. 1997. Isolation and characterization of flucon-
azole- and amphotericin B-resistant Candida albicans from blood of two
patients with leukemia. Antimicrob. Agents Chemother. 41:196–199.

12. Peyron, F., A. Favel, A. Michel-Nguyen, M. Gilly, P. Regli, and A. Bolmstrom.
2001. Improved detection of amphotericin B-resistant isolates of Candida
lusitaniae by Etest. J. Clin. Microbiol. 39:339–342.

13. Rex, J. H., C. R. Cooper, Jr., W. G. Merz, J. N. Galgiani, and E. J. Anaissie.
1995. Detection of amphotericin B-resistant Candida isolates in a broth-
based system. Antimicrob. Agents Chemother. 39:906–909.

14. Rex, J. H., and M. A. Pfaller. 2002. Has antifungal susceptibility testing come
of age? Clin. Infect. Dis. 35:982–989.

15. Rex, J. H., M. A. Pfaller, A. L. Barry, P. W. Nelson, and C. D. Webb. 1995.
Antifungal susceptibility testing of isolates from a randomized multicenter
trial of fluconazole versus amphotericin B as treatment of nonneutropenic
patients with candidemia. Antimicrob. Agents Chemother. 39:40–44.

16. Sterling, T. R., R. A. Gasser, and A. Ziegler. 1996. Emergence of resistance
to amphotericin B during therapy for Candida glabrata infection in an immuno-
competent host. Clin. Infect. Dis. 23:187–188.

17. Wanger, A., K. Mills, P. W. Nelson, and J. H. Rex. 1997. Comparison of Etest
and National Committee for Clinical Laboratory Standards broth macro-
dilution method for antifungal susceptibility testing: enhanced ability to
detect amphotericin B-resistant Candida isolates. Antimicrob. Agents Che-
mother. 39:2520–2522.

1292 PARK ET AL. ANTIMICROB. AGENTS CHEMOTHER.


